The objective of this study was to assess the value of triticale dried distillers grains with solubles (DDGS) as a replacement for barley silage in addition to a portion of the dry-rolled barley (DRB) in a grain-based feedlot finishing diet. The trial used 160 crossbred yearling steers: 144 noncannulated (478 ± 84 kg) in a complete randomized design, and 16 ruminally cannulated (494 ± 50 kg) in a replicated 4 × 4 Latin square design. The noncannulated steers were assigned to 8 standard pens (10 per pen) and 8 pens equipped with the GrowSafe system (GrowSafe Systems Ltd., Airdrie, Alberta, Canada; 8 per pen). The cannulated steers were placed (2 per pen) in the 8 GrowSafe pens and moved between pens at 28-d intervals. Each of 4 experimental diets was fed in 2 standard and 2 GrowSafe pens. The diets contained (DM basis) 1) 85% DRB and 10% barley silage (CON); 2) 65% DRB, 20% triticale DDGS, and 10% barley silage (D-10S), 3) 65% DRB, 25% triticale DDGS, and 5% barley silage, and 4) 65% DRB, 30% triticale DDGS, and no barley silage. Supplement (5% of dietary DM) was included in all diets. Ruminal pH was measured over four 7-d periods using indwelling electrodes. Replacing barley silage with triticale DDGS linearly decreased mean ruminal pH (P = 0.006), linearly increased duration (P = 0.006 and P = 0.01) and area under the curve (P = 0.02 and P = 0.05) below pH 5.5 and 5.2, and linearly increased the frequency of subacute (P = 0.005) and acute (P = 0.05) bouts of ruminal acidosis. Variation in mean ruminal pH decreased (P = 0.008) in steers fed D-10S compared with CON. Similarly, variation in DMI was less for steers fed triticale DDGS compared with CON. Steers fed D-10S tended to have greater DMI (P = 0.08) but similar ADG and G:F compared with CON steers. Replacing barley silage with triticale DDGS tended to linearly decrease DMI (P = 0.10) and increase (P = 0.06) G:F. Compared with CON, steers fed D-10S tended to have greater backfat thickness (P = 0.10) and decreased dressing percentage (P = 0.06), ribeye area (P = 0.10), and meat yield (P = 0.06). Severity and number of abscessed livers was greater (P = 0.006) in steers fed D-10S compared with those fed CON. Although mean ruminal pH decreased as barley silage was replaced with triticale DDGS, the trend for improved growth suggests that reduced ruminal pH did not affect animal performance. Triticale DDGS can be substituted for barley silage in finishing diets in addition to a portion of barley grain without affecting growth performance or carcass quality, but it is recommended that an antimicrobial be included in the diet to reduce liver abscesses.
INTRODUCTION
Corn and wheat dried distillers grains with solubles (DDGS) have commonly been used as energy and protein sources in cattle diets. Recent work has suggested that including corn or wheat DDGS at 20% of the dietary DM optimizes growth performance in feedlot cattle (Buckner et al., 2007; Gibb et al., 2008) . When DDGS replaces a portion of the grain in feedlot Evaluation of triticale dried distillers grains with solubles as a substitute for barley grain and barley silage in feedlot finishing diets diets, the dietary starch is diluted with more slowly fermentable fiber, which may decrease the rate of acid production in the rumen and the occurrence of subacute ruminal acidosis (SARA). Consequently, feedlot cattle fed DDGS may need less fiber from forage in the diet to maintain rumen function (Klopfenstein et al., 2008) . This may allow producers to reduce the capital investment for silage production and storage as well as provide an alternative feed when forage supplies are limited. The development of the biorefinery industry may limit the availability of grains as a feed source for livestock production. Triticale is a drought-and diseaseresistant, high-yielding cereal grain grown in Western Canada with a limited market as a livestock feed or as food for humans. The starch content of triticale is similar to that of wheat (65% of the DM; Chapman et al., 2005) making it a potential carbohydrate source for bioethanol production. However, information on the feeding value of triticale DDGS is limited. The objective of this study was to assess the value of triticale DDGS as a substitute for barley silage in barley grainbased finishing diets. It was hypothesized that the initial replacement of a portion of the dry-rolled barley grain with triticale DDGS would reduce the starch content of the mixed diet and thereby reduce the amount of forage required to maintain rumen health, and that subsequent substitution of triticale DDGS for barley silage would improve growth performance as a result of increased dietary energy content.
MATERIALS AND METHODS
All procedures and protocols used in this experiment were approved by the Lethbridge Research Centre Animal Care Committee.
Experimental Design, Animals, and Diets
A finishing trial was conducted using 160 British × Continental crossbreed yearling steers (457 ± 36 kg): 16 ruminally cannulated steers, and 144 noncannulated steers. On arrival at the Lethbridge Research Center feedlot, steers were treated with Fermicon 7/Somnugen (Boehringer Ingelheim Ltd., Burlington, Ontario, Canada), IBR Express 5-PHM (Boehringer Ingelheim Ltd.), and Ivomec (Merial Canada Inc., Baie D'Urfé, Quebec, Canada). Before the beginning of the study, the steers were implanted with Component TE-S with tylosin (Tylan, Elanco Animal Health, Guelph, Ontario, Canada) .
This study used 16 feedlot pens (17 × 12.7 m), 8 of which were equipped with the GrowSafe system (GrowSafe Systems Ltd., Airdrie, Alberta, Canada). Pens were separated by porosity fences on 2 sides, and animals had free access to fresh water. Each experimental diet was fed in 2 standard pens and 2 GrowSafe pens. The noncannulated steers were blocked by BW and assigned to pens (10 per standard pen; 8 per GrowSafe pen), whereas the 16 ruminally cannulated steers were assigned (2 per pen) only to the pens containing the GrowSafe system. Cannulated steers received the dietary treatments in a replicated 4 × 4 Latin square design by moving them from 1 pen to another at 28-d intervals (yielding 4 periods). All steers housed in the GrowSafe system were tagged with Allflex transponders (Allflex Canada, St-Hyacinthe, Canada) enabling individual feeding behavior and intake to be recorded. Data from 1 cannulated steer were excluded from periods 1 and 3 because of loss of the cannula.
Steers were fed 1 of 4 experimental diets (Table 1 ) containing (DM basis) 1) 85% dry-rolled barley (DRB) and 10% barley silage (control, CON diet); 2) 65% DRB, 20% triticale DDGS, and 10% barley silage (D-10S); 3) 65% DRB, 25% triticale DDGS, and 5% barley silage; and 4) 65% DRB and 30% triticale DDGS (D-0S). All diets contained 5% of a vitamin and mineral supplement. Total mixed rations were prepared daily and offered ad libitum to ensure feed was available at all times, with a daily minimum of 10% orts in each feed bunk. The triticale DDGS contained 36.7% CP (% of DM), 32.6% NDF (% of DM), 5.9% starch (% of DM), and 11.4% ADIN (% of N), which is a composition similar to wheat DDGS (Beliveau and McKinnon, 2008) . Barley grain was dry rolled to a processing index (weight of 250 mL after processing divided by weight of 250 mL before processing) of 84 ± 4%.
Ruminal pH, Rumen Fluid, Blood Samples, and Eating Behavior
Ruminal pH was measured using the LRCpH data logger system (Dascor, Escondido, CA; Penner et al., 2006) . The electrodes were standardized in pH 4 and 7 buffers. Protective coverings were placed over the electrodes with holes large enough to allow free flow of rumen contents while preventing contact of the electrode with the rumen epithelium. Loggers were inserted into the rumen 4 h after feeding (1300 h) on d 20 and removed before feeding (0800 h) on d 28 of each period. Data loggers were placed in the ventral sac using 0.5-kg weights, and pH was recorded every min. Ruminal fluid and blood samples were collected on d 20 and 28 during insertion and removal of the loggers, respectively. Ruminal pH data were summarized for daily average, minimum, maximum, and SD as well as duration below and area under the curve (AUC) at pH 5.5 and 5.2 (Bevans et al., 2005) . The AUC was calculated as the sum of the absolute value of pH deviations below pH 5.5 or 5.2 multiplied by the duration below pH 5.5 or 5.2, respectively, and reported as pH × minute. Durations and AUC for pH 5.5 and 5.2 were considered indicative of the duration and severity of SARA and acute ruminal acidosis (ARA), respectively. Intakecorrected AUC was calculated as AUC divided by DMI and reported as AUC per kilogram of DMI. Ruminal pH less than 5.5 for a duration of 12 h or more, and less than 5.2 for a duration of 6 h or more per day were Triticale distillers grains as a forage substitute used to define bouts of SARA and ARA, respectively (Reinhardt et al., 1997; Owens et al., 1998) .
Ruminal contents were collected from the reticulum, ventral and caudal sacs, and near the dorso-ventral midline (250 mL from each site), and were mixed and strained through 2 layers of PECAP nylon (Sefar Canada Inc., Ville St. Laurent, Canada). Two samples of the collected fluid (5 mL) were mixed with 1 mL of 25% (wt/vol) metaphosphoric acid for VFA and lactate analysis, and with 1 mL of 1% H 2 SO 4 for ammonia determination. Samples for VFA, lactate, and ammonia analysis were stored at −20°C until analyzed.
Blood samples were collected into a 10-mL vacuum tube containing K 3 EDTA (No. 366643, Vacutainer, Becton Dickinson, Mississauga, Canada) and two 8-mL vacuum tubes containing Li-heparin solution (Becton Dickinson). After centrifugation (3,000 × g at 4°C for 20 min) of the K 3 EDTA tubes, packed cell volume (PCV) was estimated using a microcapillary reader (model MH, International Equipment Co., Boston, MA) as an indication of metabolic acidosis (Owens et al., 1998) . Blood collected in Li-heparin tubes was centrifuged (3,000 × g at 4°C for 20 min), and plasma was collected for determination of plasma urea N using a VetTest Blood Chemistry Analyzer (IDEXX Laboratories Canada Corp., Toronto, Canada).
Eating behavior data were analyzed separately for the cannulated and noncannulated steers within GrowSafe pens. References to the effect of feeding behavior on ruminal pH were limited to the cannulated steers. A meal was defined as a visit to the bunk, followed by an absence from the bunk of 300 s or greater. The amount of feed consumed during a visit was used to calculate meal size. GrowSafe data were summarized to report the number of meals per day, the duration of each meal, and the interval between meals (intermeal interval). Variation in DMI was reported as the SD of DMI measured over the 7-d collection period. Eating rate for each meal was calculated by dividing the meal size by the meal duration.
Growth Performance and Carcass Measurements
Steers were weighed every 28 d to monitor ADG over the duration of the experiment. Initial and final BW were determined by taking the mean BW of the steers before feeding on 2 consecutive days at the beginning of the experiment and immediately before shipment of the steers to the abattoir. Steer BW were reported as shrunk BW by multiplying BW by a correction factor of 0.96 to account for gut fill. Feed delivery was recorded daily and orts were collected weekly to determine DMI as the difference between dietary DM offered and orts DM collected. Average daily gain was calculated by dividing the shrunk BW gained (final BW minus Physically effective fiber was determined by multiplying dietary NDF content by the proportion of DM retained on the 19-and 8-mm sieves of a Penn State Particle Separator, as described by Yang and Beauchemin (2006) . 4 Calculated as the sum of, for each dietary ingredient, the ether extract (EE) contents multiplied by the respective proportion of that component in the diet. For dry-rolled barley, barley silage, triticale DDGS, and supplement, ether extract contents were 1.76, 2.66, 4.06, and 3.13%, respectively.
initial BW) by the number of days on feed. The G:F was calculated by dividing ADG by DMI. Noncannulated steers in non-GrowSafe pens (n = 80) and those in GrowSafe pens (n = 64) were shipped to the abattoir after 92 and 112 d on feed, respectively. One noncannulated steer from the GrowSafe pen fed the D-0S diet went off feed and was removed from the study on d 92. Cannulated steers were not included in the performance and carcass data.
Net energy of the diets was determined as described by Zinn et al. (2002) and Gibb et al. (2008) . The NE g for each diet was determined using the formula for retained energy for large-framed yearling steers (NRC, 1984) : 
Diet Sampling and Chemical Analyses
Diets, orts, and ingredients were sampled weekly and analyzed for DM concentration by drying at 55°C for 48 h. Diets were adjusted if the DM concentration of barley silage deviated more than 3 percentage units from the average. Weekly samples were composited by period and stored at −20°C. A 500-g subsample from each diet was collected during each period and freezedried for later analysis for fat concentration. A 1-kg subsample from each diet composite was taken to determine physically effective fiber (peNDF) content (2-sieve method; Yang and Beauchemin, 2006) , and an additional 1-kg subsample from each diet composite was ground through a 1-mm screen (standard model 4 Wiley mill, Arthur H. Thomas, Philadelphia, PA) for chemical analysis. Subsamples (5 g) were further ground with a ball grinder (mixer mill MM200, Retsch, Haan, Germany) and analyzed for N using flash combustion (Carlo Erba Instruments, Milan, Italy). The NDF and ADF concentrations of the diet ingredients were determined as described by Van Soest et al. (1991) , using amylase and sodium sulfite for the NDF analysis. The N concentration of the ADF fraction was determined as described above to calculate the ADIN concentration of triticale DDGS. Starch was determined using an enzymatic method as described by Karkalas (1985) . Starch in the samples was gelatinized with sodium hydroxide and hydrolyzed to glucose using glucoamylase. Free glucose was then reacted with glucose oxidase/peroxidase (No. P7119, Sigma, St. Louis, MO) and dianisidine dihydrochloride (Sigma), and absorbance was measured using a plate reader (SpectraMax 190, Molecular Devices Corp., Sunnyvale, CA). Samples of each dietary ingredient were extracted using 75 mL of diethyl ether, and fat concentrations were determined using a Büchi Extraction unit (Unit E-816, Büchi Labortechnik AG, Postfach, Switzerland) according to the AOAC (2006) official method (2003.06). The ether extract (EE) concentrations measured for each dietary ingredient were used to calculate EE content in diets, based on dietary composition.
Ruminal VFA concentrations and lactic acid concentrations were quantified by gas chromatography (model 5890, Hewlett-Packard, Little Falls, DE) using crotonic acid as an internal standard, as described by Bevans et al. (2005) . Ruminal ammonia concentration was determined by the indophenol-sodium salicylate method (Verdouw et al., 1978 ) using a Technicon autoanalyzer II (Pulse Instrumentation Ltd., Saskatoon, Saskatchewan, Canada).
Statistical Analysis
Mean ruminal pH, rumen VFA, lactate and ammonia concentrations, plasma urea N, PCV, SARA and ARA bouts, and eating behavior data associated with the 16 cannulated steers were analyzed as a 4 × 4 replicated Latin square using the MIXED procedure (SAS Inst. Inc., Cary, NC). Diet and period were considered fixed effects, with square and pen group nested within square as random effects. Multiple variance-covariance structures were fitted, and compound symmetry or banded covariance matrices were the structures producing the least Akaike information criterion values. Contrasts were generated to compare the CON diet with the D-10S diets as well as to test for linear effects of the substitution of triticale DDGS for barley silage.
Pen was the experimental unit for the growth performance and carcass data. Days on feed (block), treatment, and their interactions were examined. Because there was no interaction between days on feed and diet, days on feed was removed from the model. A χ 2 analysis was used to analyze for differences in marbling and liver scores among steers on different diets.
RESULTS

Rumen pH Analysis
Over the duration of the experiment, a total of 21, 12, 30, and 44 bouts of SARA and 18, 14, 28, and 35 bouts of ARA were observed in steers fed CON; D-10S; 65% DRB, 25% triticale DDGS, and 5% barley silage; and D-0S, respectively. Replacing barley grain
Triticale distillers grains as a forage substitute with triticale DDGS did not affect the frequencies of bouts of SARA and ARA (similar between CON and D-10S; Table 2 ), but the frequencies of SARA and ARA increased linearly (P = 0.005 and P = 0.047, respectively) as increasing amounts of triticale DDGS were substituted for barley silage. Mean daily ruminal pH did not differ between CON steers and those fed D-10S. Mean ruminal pH decreased linearly (P = 0.006) as triticale DDGS replaced barley silage. The SD of ruminal pH was smaller (P = 0.008) for steers fed D-10S as compared with CON. Steers fed CON had a reduced (P = 0.02) daily minimum pH compared with steers fed D-10S. However, daily minimum and maximum were not affected by the substitution of triticale DDGS for barley silage. Durations less than pH 5.5 and 5.2, and the AUC below pH 5.5 were similar between steers fed D-10S and those fed CON. However, steers fed D-10S tended (P = 0.10) to have a smaller AUC below pH 5.2 as compared with steers fed CON. The duration less than pH 5.5 (P = 0.006) and pH 5.2 (P = 0.01) increased linearly as triticale DDGS replaced barley silage. Similarly, replacing barley silage with triticale DDGS linearly increased AUC less than pH 5.5 (P = 0.02) and pH 5.2 (P = 0.05), respectively. The AUC less than pH 5.5 (P = 0.06) and 5.2 (P = 0.09) per kilogram of DMI tended to decrease in steers fed D-10S as compared with CON. Additionally, AUC less than pH 5.5 (P = 0.08) and pH 5.2 (P = 0.10) per kilogram of DMI tended to increase as triticale DDGS replaced barley silage.
The mean hourly ruminal pH (Figure 1 ) was similar for steers fed CON and D-10S except for 0 h (P = 0.02) and 23 h after feeding (P = 0.05), when mean hourly pH for steers fed D-10S was greater than CON. The mean hourly ruminal pH at 4 to 10 h after feeding and at 15 to 23 h after feeding decreased linearly (P = 0.05) as dietary inclusion of triticale DDGS increased.
Rumen VFA Analysis
Samples taken before feeding (0 h) indicated that CON-and D-10S-fed steers had similar total VFA concentrations and molar proportions of acetate and butyrate (Table 3) . However, molar proportion of propionate was less (P = 0.05) for steers fed D-10S compared with those fed CON. As a result, steers fed D-10S tended (P = 0.06) to have a greater acetate-to-propionate ratio (A:P) compared with CON steers. Molar proportions of acetate decreased linearly (P = 0.001) and those of propionate increased linearly (P = 0.02) as triticale DDGS replaced barley silage, resulting in a linear decrease (P = 0.005) in A:P. At 4 h after feeding, steers fed CON and D-10S had similar concentrations of total VFA and molar proportions of butyrate. However, mo- Table 2 . Ruminal pH of ruminally cannulated feedlot steers fed a standard barley grain-based feedlot diet as is (control, CON) or with a portion of the barley grain (20% of dietary DM) and none, one-half, or all the barley silage replaced with triticale dried distillers grains with solubles (DDGS), yielding diets D-10S, D-5S, and D-0S, respectively (n = 16 per treatment) Compositions (DM basis) of diets were as follows: CON = 85% dry-rolled barley grain, 0% triticale DDGS, 10% barley silage, and 5% supplement; D-10S = 65% dry-rolled barley grain, 20% triticale DDGS, 10% barley silage, and 5% supplement; D-5S = 65% dry-rolled barley grain, 25% triticale DDGS, 5% barley silage, and 5% supplement; and D-0S = 65% dry-rolled barley grain, 30% triticale DDGS, 0% barley silage, and 5% supplement. lar proportion of acetate was less (P = 0.04) for steers fed D-10S compared with those fed CON, but there was no difference in A:P. Total VFA concentrations and molar proportions of butyrate were not affected by triticale DDGS substitution for barley silage; however, molar proportion of propionate increased linearly (P = 0.05) and molar proportion of acetate (P = 0.005) and A:P (P = 0.04) decreased linearly as triticale DDGS replaced barley silage. Ruminal ammonia concentration was greater (P = 0.04) before feeding and tended to be greater (P = 0.07) 4 h after feeding in steers fed D-10S as compared with steers fed CON. Ruminal ammonia concentration was not affected by the substitution of triticale DDGS for barley silage. Concentrations of lactate were extremely small throughout the experiment, averaging less than 0.11 mM.
Blood Measures
Packed cell volume (Table 3) was relatively large across treatments (>40%). For blood collected before feeding, there was a tendency for PCV to increase linearly (P = 0.10) as triticale DDGS was substituted for barley silage. Blood urea N concentration increased linearly (P < 0.001) as barley silage was replaced with triticale DDGS, or by feeding D-10S compared with CON.
Feeding Behavior
Cannulated steers fed D-10S tended to have greater (P < 0.08) DMI compared with steers fed CON ( Table  4 ). The daily variation in DMI of CON-fed steers was approximately 50% greater (P = 0.002) compared with steers fed triticale DDGS. Meal frequency, meal duration, intermeal interval, meal size, and eating rate were all similar between steers fed CON and D-10S. Eating rate increased linearly (P < 0.001) and meal duration tended to decrease linearly (P = 0.08) as triticale DDGS replaced barley silage.
Growth Performance and Carcass Characteristics
Steers fed D-10S had similar shrunk final BW, DMI, ADG, and G:F compared with steers fed CON (Table  5 ). There was a tendency for a linear decrease (P = 0.10) in DMI among noncannulated steers as more triticale DDGS replaced barley silage. Although ADG was not affected (P = 0.56), G:F tended to increase linearly (P = 0.06) with increasing dietary inclusion of triticale DDGS in place of silage.
Carcass traits (Table 6) were not affected by substitution of triticale DDGS for barley silage. However, steers fed D-10S tended to have reduced dressing percentage (P = 0.06), greater backfat (P = 0.10), and smaller (P = 0.10) ribeye area, and to have decreased (P = 0.06) meat yield as compared with steers fed CON. Steers fed D-10S had more liver abscesses (P = 0.006) compared with those fed CON. Similarly, the severity of abscesses was greater (P = 0.006) in steers fed D-10S as compared with steers fed CON.
DISCUSSION
Nutrient Composition and Digestibility of Triticale DDGS
Triticale DDGS has similar EE (4.06%, data not shown), similar NDF, and less CP than wheat DDGS Table 3 . Ruminal VFA, ammonia-N, and blood variables of ruminally cannulated feedlot steers fed a standard barley grain-based feedlot diet as is (control, CON) or with a portion of the barley grain (20% of dietary DM) and none, one-half, or all the barley silage replaced with triticale dried distillers grains with solubles (DDGS), yielding diets D-10S, D-5S, and D-0S, respectively (n = 16 per treatment) Compositions (DM basis) of diets were as follows: CON = 85% dry-rolled barley grain, 0% triticale DDGS, 10% barley silage, and 5% supplement; D-10S = 65% dry-rolled barley grain, 20% triticale DDGS, 10% barley silage, and 5% supplement; D-5S = 65% dry-rolled barley grain, 25% triticale DDGS, 5% barley silage, and 5% supplement; and D-0S = 65% dry-rolled barley grain, 30% triticale DDGS, 0% barley silage, and 5% supplement. Compositions (DM basis) of diets were as follows: CON = 85% dry-rolled barley grain, 0% triticale DDGS, 10% barley silage, and 5% supplement; D-10S = 65% dry-rolled barley grain, 20% triticale DDGS, 10% barley silage, and 5% supplement; D-5S = 65% dry-rolled barley grain, 25% triticale DDGS, 5% barley silage, and 5% supplement; and D-0S = 65% dry-rolled barley grain, 30% triticale DDGS, 0% barley silage, and 5% supplement. (Gibb et al., 2008) , reflecting the differences in composition of the whole grains (Chapman et al., 2005) . In contrast, corn DDGS typically contains greater EE and less CP than either wheat or triticale DDGS (Spiehs et al., 2002; Klopfenstein et al., 2008) . Therefore, the fermentation characteristics of triticale DDGS in the rumen are expected to be similar to those of wheat DDGS. The ADIN content of triticale DDGS used in our study was 11.4%, similar to that reported for wheat and corn DDGS (Ham et al., 1994; Beliveau and McKinnon, 2008) .
As the triticale DDGS content of the diets increased, the CP also increased, from 13.4% in CON to 19.7% in D-0S (containing 30% DDGS). All diets exceeded the protein requirements of finishing beef cattle as outlined by NRC (1984) . Feeding excessive N increases the synthesis and excretion of urea, but as was observed in a study with wheat DDGS (Gibb et al., 2008) , the diversion of energy toward increased urea synthesis in the present study did not appear to reduce ADG (see below). Although it cannot be completely discounted that some of the responses observed in the present study arose from differences in CP among the diets, most appeared to stem from changes in peNDF content (Mertens, 1997) of the diet as a result of the substitution of triticale-DDGS for barley silage. Table 5 . Growth performance and diet NE g of feedlot steers fed a standard barley grain-based feedlot diet as is (control, CON) Compositions (DM basis) of diets were as follows: CON = 85% dry-rolled barley grain, 0% triticale DDGS, 10% barley silage, and 5% supplement; D-10S = 65% dry-rolled barley grain, 20% triticale DDGS, 10% barley silage, and 5% supplement; D-5S = 65% dry-rolled barley grain, 25% triticale DDGS, 5% barley silage, and 5% supplement; and D-0S = 65% dry-rolled barley grain, 30% triticale DDGS, 0% barley silage, and 5% supplement. Calculated from growth performance (NRC, 1984; Zinn et al., 2002) . Table 6 . Carcass characteristics and liver abscess incidence of feedlot steers fed a standard barley grain-based feedlot diet as is (control, CON) Compositions (DM basis) of diets were as follows: CON = 85% dry-rolled barley grain, 0% triticale DDGS, 10% barley silage, and 5% supplement; D-10S = 65% dry-rolled barley grain, 20% triticale DDGS, 10% barley silage, and 5% supplement; D-5S = 65% dry-rolled barley grain, 25% triticale DDGS, 5% barley silage, and 5% supplement; and D-0S = 65% dry-rolled barley grain, 30% triticale DDGS, 0% barley silage, and 5% supplement. 
Ruminal pH Response to DDGS Inclusion
Substituting DRB. The improved feeding value observed as DDGS is substituted for corn or barley grain in finishing diets may be attributable in part to an increase in ruminal pH (Larson et al., 1993; Ham et al., 1994; Klopfenstein et al., 2008) . The partial replacement of rapidly fermentable, high-starch cereal grains with DDGS may decrease the prevalence of SARA (Klopfenstein et al., 2008) . In the present study, steers fed D-10S had numerically fewer bouts of SARA and ARA compared with steers fed CON, and tended to have smaller AUC below pH 5.2 compared with CON, observations that support our hypothesis. However, changes in ruminal pH as a result of the inclusion of DDGS in the diet can be confounded by increases in total DMI (Klopfenstein et al., 2008; Uwituze et al., 2008; Corrigan et al., 2009 ). Corrigan et al. (2009) reported decreased mean ruminal pH and greater AUC below pH 5.6 and 5.3 when corn wet distillers grains with solubles (WDGS) replaced 40% of the dietary DM of either dry-rolled corn, high-moisture corn, or steam-flaked corn. In that study, however, DMI was almost 1.8 kg greater for the WDGS diet as compared with the corn-based diets, leading to similar amounts of total starch intake among diets. Among the cannulated steers in the present study, DMI by those fed D-10S was 1.1 kg greater than DMI by those fed CON, but because of the different starch contents between D-10S and CON, estimated starch intake was less for the D-10S group than for the control group (4.6 vs. 5.1 kg/d, respectively). Owens et al. (1998) proposed that reduced starch intake may limit the rate, duration, and extent of ruminal pH decline. This scenario is supported by our observation of increased minimum ruminal pH in steers fed D-10S compared with CON, as well as trends toward reduced intake-corrected AUC below pH 5.5 and 5.2. Galyean and Defoor (2003) proposed that decreasing the grain-to-NDF ratio per unit of intake would stabilize ruminal pH. Similarly, Corrigan et al. (2009) observed that substituting corn WDGS for a portion of corn grain also stabilized ruminal pH. These findings are consistent with our observation that the variation in mean ruminal pH declined when triticale DDGS replaced barley grain. Forage fiber is typically required to maintain ruminal pH (Allen, 1997; Mertens, 1997) , particularly in high-concentrate diets (Galyean and Defoor, 2003) . However, the current study suggests that partial replacement of barley grain, at 20% of dietary DM, with triticale DDGS may reduce the dietary forage required to maintain rumen health.
Substituting Barley Silage. Forages are usually included in high-grain finishing diets to reduce the occurrence of SARA (Stock et al., 1987 (Stock et al., , 1990 Shain et al., 1999 ). In the current study, replacing barley silage with triticale DDGS linearly increased the occurrence of SARA, a result that may be attributed to a decline in peNDF. Zhang et al. (2009a,b) observed that chewing activity decreased in lactating dairy cows as triticale DDGS (20% of dietary DM) replaced an equivalent portion of barley silage in the diet. Decreasing the peNDF content of the diet reduces chewing and salivation (Allen, 1997; Zebeli et al., 2006) , thus reducing the buffering effect of saliva on ruminal pH. Although the substitution of triticale DDGS for barley silage increased the number of bouts of SARA, it did not increase the variation in ruminal pH. This response may be attributed to the dilution of fermentable carbohydrate (Galyean and Defoor, 2003) or alterations in eating behavior.
Feeding Behavior
Increased variation in daily DMI has been associated with ruminal acidosis (Cooper et al., 1999) . Stock et al. (1995) summarized data from individual feeding trials and reported that variation in feed intake is negatively correlated with G:F, a finding potentially attributable to ruminal acidosis (Cooper et al., 1999) . In the present study, variation in DMI was less for steers fed D-10S compared with steers fed CON, which may be an indication of the severity of SARA. Although the occurrence of SARA and AUC below pH 5.5 and 5.2 increased as triticale DDGS replaced barley silage, variation in DMI was not affected. This observation suggests that ruminal acidosis may not adversely affect feed intake until a certain pH threshold is reached.
Eating rate increased as more triticale DDGS replaced barley silage, likely because of a decrease in particle size of the diet (Allen, 1997; Shain et al., 1999) . Meal duration decreased as more triticale DDGS was substituted for barley silage, an observation that is consistent with the smaller particle size of triticale DDGS compared with barley silage.
As far as we are aware, this study is the first to measure ruminal pH continuously in cattle roaming freely within feedlot pens. Measurement of pH in cattle housed in metabolism stalls may not be indicative of the daily ruminal pH patterns encountered in feedlot cattle that interact freely with pen mates and feed at will. However, in the present study, we still observed a distinct diurnal pattern in daily pH that corresponded to the time of feeding. It is possible that this pattern may have changed if cattle had been fed restrictively because competition among pen mates may have resulted in altered feeding patterns. Although access to the GrowSafe bunk is restricted to 1 steer at a time, 2 bunks were available, limiting competition at the bunk.
Performance and Carcass Characteristics
Steers fed D-10S tended to have greater DMI than steers fed CON, a finding that is in agreement with the results of Gibb et al. (2008) , who found DMI of feedlot heifers increased with increasing wheat DDGS in barley grain finishing diets. Increasing the NDF concentration of high-grain diets has been shown to increase DMI (Galyean and Defoor, 2003) . Cattle experiencing SARA often exhibit reduced DMI (Fulton et al., 1979; Schwartzkopf-Genswein et al., 2003) . Consequently, the decreased incidence of SARA in steers fed D-10S compared with CON may also have contributed to the greater DMI of steers fed D-10S. However, the effect of substituting corn DDGS for corn grain on DMI in cattle fed finishing diets has not been consistent (Vander Pol et al., 2006; Buckner et al., 2007; May et al., 2009) , an observation that may be associated with differences in grain processing (Vander Pol et al., 2006) .
Steers fed D-10S had increased DMI but similar ADG compared with those fed CON. Similarly, Lodge et al. (1997) reported that sorghum DDGS had a NE g value that was 80% that of dry-rolled corn when fed at 40% of dietary DM. Conversely, it was reported that wheat DDGS has a NE g content similar to DRB (Beliveau and McKinnon, 2008 ) and a NE g content slightly less than that of steam-rolled barley (Gibb et al., 2008) . Considering that the triticale DDGS used in our study had a greater ADF and ADIN content than wheat DDGS (Beliveau and McKinnon, 2008) , the feed value of triticale DDGS may be less than that of wheat DDGS. However, McKeown et al. (2010) observed no differences in DMI, ADG, or feed-to-gain ratio between lambs fed wheat DDGS compared with those fed triticale DDGS, each at 20% of dietary DM. Variation in the feed value of DDGS may depend on the quantity included in the diet as well as differences in production methods among ethanol plants.
Replacing barley silage with triticale DDGS tended to decrease DMI and increase G:F without affecting ADG, suggesting that decreased ruminal pH did not adversely affect animal productivity. Similarly, Stock et al. (1990) reported increased G:F as dietary roughage content (50:50 mix of corn silage and alfalfa hay) decreased in a high-moisture corn-or dry-rolled sorghum-based diet. Conversely, Kreikemeier et al. (1990) improved G:F of finishing steers by adding 10% roughage (50:50 mix of corn silage and alfalfa hay) to a diet containing steam-rolled wheat. Because of decreased dilution rate with decreasing roughage content (Goetsch et al., 1984) , ruminal digestibility of grain may have increased because of a longer ruminal retention time (Stock et al., 1987) . Such a response may be beneficial in diets containing grains with slower rates of digestion (Stock et al., 1990) but detrimental in diets containing grains that ferment more rapidly (Kreikemeier et al., 1990) . Therefore, increasing diet digestibility by increasing ruminal retention time may partially explain the increased G:F observed for steers as barley silage was replaced with triticale DDGS.
We also observed an increase in molar proportions of propionate as triticale DDGS replaced barley silage. Propionate is a VFA that acts as a hydrogen sink and is associated with reduced methane production (Johnson and Johnson, 1995) , a factor that may explain the increase in NE g content of the diet as triticale DDGS replaced barley silage.
In the present study, replacing barley silage with triticale DDGS did not affect carcass characteristics. Conversely, Miller et al. (2009) reported that HCW and yield grade increased when alfalfa hay inclusion increased in a steam-flaked corn-based finishing diet containing 25% corn DDGS. However, unlike our findings, in which ADG was maintained when triticale DDGS replaced barley silage, those authors reported that carcass-adjusted ADG increased when alfalfa hay inclusion increased. Therefore, the lack of carcass response to substitution of triticale DDGS for barley silage in the present study may be attributed to similar ADG, in spite of reduced DMI.
Replacing a portion of DRB with triticale DDGS appeared to increase fat deposition in steers fed D-10S compared with steers fed CON because these animals had greater backfat and decreased meat yield. This is similar to studies in which corn and wheat DDGS were fed in place of dry-rolled corn and steam-rolled barley, respectively (Benson et al., 2005; Gibb et al., 2008) . However, others have reported that feeding corn DDGS in place of steam-flaked corn had no effect on backfat and meat yield (Depenbusch et al., 2009 ). As cattle approach mature BW, fat accretion increases compared with lean tissue growth (Owens et al., 1995) , which may suggest steers fed D-10S were closer to mature BW at slaughter compared with steers fed CON. Alternatively, Anderson et al. (1988) and McKinnon et al. (1993) have reported that increasing supplemental protein in feedlot diets increases fat deposition rather than lean accretion, suggesting that such a practice improves energy balance as opposed to protein status. Improved energy balance resulting from protein supplementation may be the result of increased OM digestibility (McKinnon et al., 1993) .
Effects of DDGS on Liver Abscesses
The prevalence of liver abscesses has long been considered to be associated with feeding high-grain diets (Nagaraja and Chengappa, 1998 ), but the effects of feeding DDGS on liver abscesses in feedlot cattle have not been extensively investigated. Although ruminal pH was greater in steers fed D-10S compared with those fed CON, the prevalence and severity of liver abscesses were much greater for the steers fed D-10S, a finding that contradicts the proposed etiology of the factors leading to the formation of liver abscesses (Tan et al., 1996; Nagaraja and Chengappa, 1998) . A dietary antimicrobial was not included in the present study, which may have contributed to the greater prevalence and severity of abscesses. Previous studies reported that feeding corn or wheat distillers grains with solubles in place of cereal grains did not affect the prevalence of liver abscesses (Vander Pol et al., 2006; May et al., 2007; Depenbusch et al., 2009 ), but those studies included tylosin, a liver abscess preventative, in the diet. Recently, Beliveau and McKinnon (2008) fed wheat DDGS without an antimicrobial and reported that the prevalence of severe liver abscesses was numerically greater in steers fed wheat DDGS compared with a barley grain-based diet containing no wheat DDGS. Furthermore, Firkins et al. (1985) did not include an antimicrobial and found increased prevalence of liver abscesses in cattle fed wet corn gluten feed in place of dry-rolled corn. Although recent work has identified an enzymatic link between ammonia-N detoxification and lipopolysaccharide detoxification in the liver (Satoh et al., 2008) , further studies are required to clearly identify adverse effects of feeding excess N on lipopolysaccharide detoxification and possible liver abscess development.
In conclusion, substituting DRB with triticale DDGS at 20% of dietary DM in finishing diets decreased the prevalence of SARA, although it increased the incidence of liver abscesses. Furthermore, substitution of triticale DDGS for barley silage reduced ruminal pH and increased liver abscesses, but did not adversely affect growth performance. Diluting the dietary starch content by feeding triticale DDGS may reduce the quantity of forage required to maintain growth performance by cattle consuming feedlot finishing diets, a potential advantage under conditions of increased forage cost or limited availability. Feeding triticale DDGS in place of barley grain increased carcass fat content, but when triticale DDGS replaced barley silage, it did not affect carcass characteristics. The greater severity of liver abscesses in steers fed triticale DDGS suggests inclusion of an antimicrobial be considered in high-DDGS diets for liver abscess control.
